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Objective: To establish the relationships between 30 Neisseria rneningitidis strains isolated in Cerdanyola (Spain) from 
30 out of 36 sporadic cases of meningococcal disease (MD) during 1987-93 and their spread in this population by 
multilocus enzyme electrophoresis (MEE) and by pulsed-field gel electrophoresis (PFGE), and to evaluate the usefulness 
of PFGE versus serologic typing methods and MEE as an alternative epidemiologic marker to study meningococcal 
infection. 
Methods: Serotyping, electrophoretic mobility of seven isoenzymes determined by MEE and chromosomal DNA 
macrorestriction with Nhel resolved by PFGE were analyzed. 
Results: Of these 30 strains, 25 were serogroup B and the remaining five were serogroup C, with the 4:P1.15 and the 
2b:NT as the most common antigenic phenotypes, respectively. There were 13 electrophoretic types (ETs) by MEE, with 
14  isolates showing an identical ET, 8. Sixteen pulse types (PTs) were generated by PFGE. The 14 ET 8 isolates were 
clustered into six PTs, A,, A2, A4, As, A6 and As. However, by combining both methods, 19 genetically distinct groups 
were obtained. Eleven of these groups (20 serogroup 5 strains) and two of these (four serogroup C strains) were 
genetically related. 
Conclusions: We conclude that, according to the clonal population structure, these 30 N. rneningitidis strains are 
heterogeneous although a great number are related. Moreover, PFGE is a useful method to establish clonal structure in 
N. rneningitidis strains under endemic conditions. Finer discrimination of these strains was achieved by combining both 
MEE and PFGE methods. 
Key words: Neisseria rneningitidis, epidemiology, typing, molecular typing methods, multilocus enzyme electro- 
phoresis, pulsed-field gel electrophoresis 
INTRODUCTION 
Neisseria meningitidis is the etiologic agent of mening- 
ococcal disease (MD), with a significant morbidity and 
mortality worldwide, primarily in children and young 
adults [1,2]. The incidence of MD varies between 
different areas. Annual morbidity rates (cases/ 100,000 
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inhabitantdyear) of MD range &om 1 to 5 in the USA 
and Western Europe under endemic conditions [3,4] to 
more than 500 during epidemic periods in the Afiican 
meningitis belt [S] and in the Peoples' Republic of 
China [6]. In Spain, in 1979, during an epidemic 
period, there was a morbidity rate of 17.6 per 100,000 
inhabitants, tendmg to decline from 1980 to an inci- 
dence rate of 3.5 in 1991. In Catalonia, an autonomous 
community in the northeast of Spain, the incidence in 
1991 was higher, with an average of 5 cases/100,000 
[7,81. 
N. meningitidis has been classified into 12 sero- 
groups based on serologic differences in the capsular 
polysaccharide, but 90% of strains isolated from 
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meningitis and septicemia are of serogroups A, B or C 
[l]. Strains of serogroup A were the primary cause of 
large epidemics worldwide until World War 11. Since 
then, major outbreaks have been documented in the 
developing world, i.e. 'the meningitis belt', but are 
infrequent in developed countries. Serogroup B is 
mainly responsible for endemic MD, as sporadic cases 
or local outbreaks in Europe and North America, 
followed in frequency by serogroup C [2]. 
Serogroups are further assigned to serotypes and 
subtypes on the basis of antigenic diEerences among 
their class 2/3 outer-membrane proteins (OMPs) and 
class 1 OMPs, respectively. Serologic typing methods 
have been used in epidemiologic studies and allow most 
N. meningitidis isolates to be classified into groups of 
related strains [9]. However, such methods are pheno- 
typically based and provide little basis for understanding 
genetic relationships between strains [lo], so, identity 
in surface antigens does not necessarily imply genotypic 
similarity. 
Multilocus enzyme electrophoresis (MEE), a 
method that identifies electrophoretic variants of 
certain metabolic enzymes, has proved to be a more 
powerful tool for studying the epidemiology of MD 
[lo]. MEE produces indirect genotypic data which 
establish phylogenetic relationships among isolates and 
show changes in meningococcal populations occurring 
in connection with outbreaks or epidemics [ 1 1,121. 
Populations of N. meningitidis have a clonal structure for 
serogroup A strains [13] or an epidemic structure for 
serogroup B and C strains [13,14]. Serogroup A isolates 
are relatively homogeneous, since they are resolved into 
several genetically related types or clones with a 
common ancestry [15,16]. Serogroup B and C strains 
are genetically and serologically more diverse, partic- 
ularly the group B meningococci. However, when an 
outbreak occurs, a disease-causing clone arises and 
increases rapidly in frequency to produce an epidemic 
clone [14,15] like, for example, the outbreaks occurring 
in several European countries, in South Africa and 
elsewhere caused by the ET-5 complex [lo]. 
Recently, nucleic acid-based methods for sub- 
typing bacteria have been used in epidemiologic studies 
[17]. Pulsed-field gel electrophoresis (PFGE), based on 
macrorestriction of chromosomal DNA, is an alterna- 
tive for establishing the clonal relationships among 
meningococcal strains [15,18]. 
From 1987 to 1993 a surveillance scheme was set 
up to record all cases of MD in residents of Cerdanyola, 
Catalonia, Spain (population 45,000). Thirty-six cases 
of MD were notified and 30 strains were available for 
study. In the remaining six cases, meningococci were 
not isolated, mainly because antibiotic treatment of the 
patients was started prior to collecting clinical samples. 
In the present study, we have classified serologically 
and typed these 30 meningococcal strains by MEE and 
PFGE methods to assess the genetic diversity and the 
clonal relationships between strains and to compare the 
DNA macrorestriction analysis by PFGE with 
conventional serologic typing methods and MEE. 
MATERIAL AND METHODS 
Bacterial strains and epidemiologic features 
We analyzed 30 N. meningitidis strains fiom a total of 
36 MD cases reported in residents of Cerdanyola, 
Catalonia, Spain, from 1987 to 1993. Data on the year, 
age and sex of patients, clinical presentation and overall 
incidence are shown in Table 1. There were no known 
epidemiologic relationships between the patients. 
These strains were serogrouped, serotyped and 
serosubtyped in the Laboratorio de Referencia de 
Table 1 
sex of patients. The overall incidence (no. of cases per 100,000 inhabitants) is indicated 
Distribution of cases of meningococcal disease in Cerdanyola from 1987 to 1993 by clinical presentation, age and 
Patients Clinical presentation, no. 
Age groups, no. Sex, no. 
NO. of 0-4 5-9 10-19 20-24 225 F d  Mh Meningitis/ Overall 
Meningitis Septicemia Septicemia incidence Year cases yr yr yr yr Yr 
1987 3 2 1 2 1 1 2 6.6 
1988 4 4 2 2 2 2 8.8 
1989 3 1 1 1 1 2 1 2 6.6 
1990 7 3 1 1 2 6 1 5 2 15.6 
1991 11 2 4  3 1  1 5 6 1 7 3 24.4 
1992 3 1 2 2 1 2 1 4.4 
1993 5 2 3 2 3 1 2 2 11.1 
Total 36 14 7 11 1 3 20 16 12 17 7 
"F = female. 
hM = male 
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Meningococos, Servicio de Bacteriologia, Centro 
Nacional de Microbiologia, Instituto Carlos 111, Maja- 
dahonda, Madrid. Serotypes and subtypes were 
determined by a whole cell ELISA. Antigens were 
prepared as described by AbdiUahi and Poolman [19]. 
Monoclonal antibodies with serotype specificities 1,2a, 
2b, 2c, 4 and 15 and subtype specificities P1.l, P1.2, 
P1.3, P1.4, P1.6, P1.7, P1.9, P1.10, P1.12, P1.14, 
P1.15 and P1.16 were supplied by Dr J. T. Poolman 
(hvm,  Bilthoven, The Netherlands). 
Isolates were stored in skimmed milk at -70°C. 
Strains were grown at 35°C in an atmosphere of 10% 
COz on chocolate agar plates overnight. 
Multilocus enzyme electrophoresis 
The enzyme extraction and selective enzyme staining 
were performed as previously described [11,20]. 
Discontinuous polyacrylamide gels were prepared at 8% 
with 5% stacking gel for all enzymes studied, except 
glutamate dehydrogenase and isocitrate dehydrogenase, 
for whch continuous 5% separation gels were used 
without stacking gel. Electrophoresis was performed in 
a Miniprotean I1 apparatus (Bio-Rad Laboratories, 
Richmond, USA) at 100 V for 2 h 30 min at 4°C. 
Seven enzymes were examined: malic enzyme 
(ME; EC 1.1.1.40), isocitrate dehydrogenase (IDH; EC 
1 . l .  1.42), glucose-6-phosphate dehydrogenase (G6P; 
EC 1.1.1.49), NAD-dependent glutamate dehydro- 
genase (GD1; EC 1.4.1.2), NADP-dependent gluta- 
mate dehydrogenase (GD2; EC 1.4.1.4), glutamate 
oxaloacetate transaminase (GOT; EC 2.6.1 .l) and 
alkaline phosphatase (ALP; EC 3.1.3.1). 
Electromorphs (alloenzymes) were numbered in 
order of decreasing anodal mobility and were equated 
with alleles at the corresponding structural gel locus. 
Distinctive combinations of electromorphs at the seven 
enzyme loci were designated as electrophoretic types 
(ETs). ET designations do not correspond to those 
described previously [lo] and are numbered sequenti- 
ally according to their position in a dendrogram. 
One representative strain of each ET was tested at  
the WHO Collaborating Centre for Reference and 
Research on Meningococci, in Oslo. 
Statistical analysis 
Genetic diversity (h) at an enzyme locus among either 
ETs or isolates was calculated as h = (1 -&:) (n/n- l), 
where xi is the frequency of the ith allele and n is the 
number of ETs or isolates. Mean genetic diversity (H) 
is the arithmetic average of the h values for all the loci. 
Genetic distance between pairs of ETs was expressed as 
the proportion of enzyme loci at which dissimilar 
alleles occurred (mismatches), and clustering of ETs 
was performed from a matrix of genetic distance by the 
average-linkage method, using the TAXAN program 
(Information Resources Group, University of 
Maryland, College Park, MD). 
Pulsed-field gel electrophoresis 
Preparation of chromosomal DNA samples 
for PFGE analysis 
DNA for PFGE analysis was prepared by a modification 
of the method of Bygraves and Maiden [15]. Fresh 
cultures grown on a single chocolate agar plate were 
harvested and washed in PETIV solution (10 mM Tris- 
HC1, 1 M NaCl [PH 7.61). The optical density of the 
bacterial solution was adjusted to O D m =  2.0-3.0. The 
cell suspension was packed by centr&gation for 15 min 
at 3000g, and resuspended in 1 mL of PETIV and 
mixed with an equal volume of 1.6% low-melting- 
point agarose (Incert Agarose, FMC BioProducts, 
Rockland, USA) at 45°C. The mixture was poured 
into a preformed plug mold and allowed to solidify at 
4°C for 30 min. For lysis the agarose plugs were 
removed from the molds and transferred into 2 mL of 
ES lysis solution (0.5 M EDTA [PH 9 to 9.51, 1% 
Sarkosyl), with proteinase K 1 mg/mL (Boehringer 
Mannhein GmbH, Germany) and incubated overnight 
at 50°C. They were then washed twice at room 
temperature in ES without proteinase K and stored at 
4°C until further analysis. 
Prior to use, the inserts were washed twice in TE 
buffer (10 mM Tris-HC1, 0.1 mM EDTA [PH 81) 
containing 1 mM PMSF (phenylmethylsulfonyl 
fluoride; Boehringer Mannheim) to inactivate enzyme 
activity. The plugs were washed at least three times for 
2 h and stored at 4°C. 
Restriction endonuclease digestion of inserts 
for PFGE analysis 
For an NheI digestion, inserts containing chromosomal 
DNA were equilibrated three times for 30 min at room 
temperature with an appropriate restriction enzyme 
buffer (Pharmacia Biotech Europe, Brussels, Belgium). 
For digestion, one third of these inserts was placed in a 
150+L total restriction enzyme mixture (20 p,L 
restriction enzyme buffer, 133 pL sterile distilled water, 
2 pL bovine serum albumin) containing 20 U of NheI 
(Pharmacia Biotech Europe) and incubated overnight 
at 37 "C. 
Pulsed-field gel electrophoresis 
PFGE was performed using a CHEF-DRIII System 
apparatus (Bio-Rad). The running conditions were as 
follows: voltage, 6 V/cm or 200 V, time, 26 h 40 min; 
temperature, 14°C; running buffer, X0.5 TBE (50 
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mM Tris-borate, 0.1 mM EDTA [PH 81); initial pulse, 
2 s; final pulse, 45 s. The agarose running gel (SeaKem 
agarose, FMC BioProducts) was at 1%, prepared in 
X0.5 TBE buffer. The gel was stained with ethidium 
bromide (5 mg/mL) and photographed under W 
transillumination. Bacteriophage lambda concatemers 
(New England BioLabs, Beverly, USA) were used as 
size standards. 
Analysis of data 
Analysis was assisted by a computerized image analysis 
system (Bio Image System, Millipore, Michigan, 
USA). For a given band the tolerated deviation ranged 
from 2% in the high-molecular-weight zone of the gel 
to 5% in the low-molecular-weight zone. PFGE 
patterns or pulse types (PTs) obtained were compared 
painvise to assess the degree of divergence between 
them, using the Dice coefficient of similarity (SD). SD 
was defined as 2 X no. of shared banddtotal no. of 
bands. Similarity matrices generated from SD were 
used to construct dendrograms by the method of 
unweighted pair group with mathematical averaging 
(UPGMA) [21]. This gave a dendrogram of all the 
strains isolated. 
Interpretation of data 
The PTs were interpreted according to the guidelines 
proposed by Tenover et al. [22], with some modifica- 
tions. These criteria for strain identity were too 
stringent for the present study, which is not related to 
a relatively short-term outbreak. Thus, no main pattern 
was assigned but all PTs were compared on a painvise 
basis. Hence, we followed the following modified 
guidelines: (1) isolates with the same PT (equal number 
and size ofbands), clustered with 100% homology, were 
considered identical; (2) isolates with P T s  that differed 
by changes consistent with a single genetic event (three 
or fewer band differences due to a mutation, insertion 
or deletion) were considered to be closely related 
strains; (3) isolates with PTs that differed by changes 
consistent with two independent genetic events were 
considered to be possibly related strains. Such changes 
typically result in four to six band differences; (4) 
isolates with PTs that differed by changes consistent 
with three or more independent genetic events (usually 
seven or more band differences) were considered to be 
unrelated strains. 
PTs that were closely or possibly related were 
reported as types A1, A2, A3, etc. for serogroup B, and 
types 11, 12, etc. for serogroup C. PTs that were 
classified as unrelated were designated types B, C, etc. 
for serogroup B and types 11, 111, etc. for serogroup 
C. 
RESULTS 
Serogrouplserotypelsubtype 
The distribution of antigenic phenotypes is shown in 
Table 2. Most isolates were serogroup B (n=25; 
88.3%), followed by serogroup C (n=5 ;  16.7%). The 
most common combination of serotype/subtype was 
4:P1.15 in serogroup B strains (46.6% of all isolates, 
56% of all group B strains) and 2b:NT in serogroup C 
(13.3% of all isolates, 80% of all group C strains), similar 
to ineningococcal strains from other areas of Spain [8]. 
Multilocus enzyme electrophoresis 
Overall genetic diversity 
All seven enzymes assayed were polymorphic, for two 
to four alleles, with an average of 2.85 alleles per locus. 
The electrophoretic enzyme profiles of the 30 isolates 
were compared and 13 multilocus genotypes (ETs) 
were identified (Table 3). 
The mean genetic diversity per locus ( H )  of ETs 
(H. 0.578; s2: 0.009) was higher than that of the isolates 
( H  0.438, s2: 0.002). The lower genetic diversity per 
locus among isolates reflects the finding that four of the 
13 ETs were represented by multiple isolates (range, 2 
to 14). 
To.relate the clones identified to those described in 
the literature [10,23], a representative strain from each 
of these ETs was analyzed at the WHO Collaborating 
Centre for Reference and Research on Meningococci. 
The following results were obtained: ETs 1 and 2 were 
two clones of the ET-37 complex; ET 4 was the 
dominant clone of cluster A4; ETs 8 to 13 represented 
clones of the ET-5 complex, with the ET 8 being the 
ET 5 of this clone complex; ETs 3, 5, 6 and 7 were not 
assigned to special clone complexes (D.A. Caugant, 
personal communication). 
Relationships among multilocus genotypes 
The genetic relationships among the 13 ETs are 
summarized in the dendrogram in Figure 1. All ETs 
belonged to two well-defined and unrelated major 
clusters, among which the genetic distance (GD) was 
0.87. One cluster comprised ET 1 to 7 (represented by 
30% of the isolates). The most distinctive genotype, ET 
7, diverged from the other ETs at a GD of 0.64, which 
reflected differences at five enzyme loci. The other 
major cluster comprised ET 8 to 13 (represented by 
70% of the isolates) and branched at a GD of 0.23, 
showing the presence of a group of more closely related 
ETs, which reflected the occurrence of dissimilar alleles 
at four of the seven enzyme loci. 
Antigenic phenotypes in relation to genetic structure 
All five serogroup C strains belonged to closely related 
clones at a GD of 0.185 (Figure 1). 
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Table 2 The 30 N. meningitidis strains isolated in Cerdanyola during 1987-1993. 
~~ ~~ ~ ~ ~ - 
Year Strain number Serogroup Serotype' Subtype" ETh PT' 
1987 
1987 
1987 
1988 
1988 
1988 
1989 
1989 
1989 
1990 
1990 
1990 
1990 
1990 
1990 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1991 
1992 
1992 
1993 
1993 
1993 
1993 
878736 
87595 
871760 
888402 
881601 
889638 
891529 
90595 
897147 
902342 
903943 
908567 
901 69 14 
904775 
905544 
918077 
9 120240 
9121019 
91 1643 
912396 
912465 
913128 
913369 
914324 
9205370 
9208301 
9304432 
9327251 
937833 
931 5144 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
B 
C 
B 
B 
B 
B 
C 
B 
B 
B 
B 
B 
B 
C 
2b 
15 
4 
4 
4 
N T  
4 
15 
4 
4 
N T  
4 
N T  
4 
15 
2b 
1 
2h 
15 
4 
4 
4 
2b 
4 
4 
4 
2h 
4 
4 
2b 
N T  
P1.7,16 
P1.15 
P1.15 
P1.15 
P1.15 
P1.7,16 
P1.14 
P1.15 
P1.1,7 
P1.1,7 
P1.15 
P1.7,16 
N T  
P1.6 
N T  
P1.7,16 
P1.15 
P1.15 
P1.15 
N T  
P1.15 
P1.15 
P1.14 
P1.10 
P1.15 
Pl.15 
P1.2 
~ 1 . 1 5  
1 
8 
9 
8 
10 
7 
11 
8 
8 
8 
8 
8 
12 
8 
8 
1 
5 
1 
8 
9 
8 
10 
2 
8 
8 
6 
4 
8 
13 
3 
"NT, non-typeable. 
bET, electrophoretic type. 
cPT, pulse-type. 
Table 3 
30 meningococcal strains responsible for disease during 1987-93 
Electromorph composition at seven enzyme loci of 13 electrophoretic types (ETs) identified among 
-~ 
Number 
~ ~ ~ ~~ ~~~~ 
Allele at indicated enzyme loci 
of 
strains ET no. ME G6P IDH GD 1 GD2 ALP GOT 
3 1 2 2 2 3 1 3 1 
1 2 2 2 2 2 1 3 1 
1 3 2 2 3 2 1 3 1 
1 4 2 3 3 3 1 3 1 
1 5 2 2 3 2 1 2 4 
1 6 2 2 2 2 1 1 2 
1 7 2 1 1 2 1 2 1 
14 8 1 1 3 2 2 1 3 
2 9 1 2 3 2 2 1 3 
2 10 1 1 3 1 2 1 3 
1 11 1 1 3 2 1 1 3 
1 12 1 1 2 2 2 1 3 
1 13 1 1 4 2 2 1 3 
ME, malic enzyme; G6P, glucose 6-phosphate dehydrogenase; IDH, isocitrate dehydrogenase; GDl , NAD-linked glutamate dehydrogenase; 
GD2, NADP-linked glutamate dehydrogenase; ALP, alkaline phosphatase; GOT, glutamate oxaloacetate transaminase. 
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0 B:l:P1.6 0 B:2b:P1.10 
8 B:4:P1.14 B:NT:P1.1,7 
0 B:NT - 
878736 1 
918077 1 
9121019 1 
d 
913369 2 
1 
- 
87595 8 
888402 8 
902342 8 
903943 8 
908567 8 
905544 8 
911643 8 
912465 8 
904775 8 
914324 8 
9205370 8 
9327251 8 
897147 8 
90595 8 
871760 9 
912396 9 
881601 10 
913128 10 
9315144 3 
891529 
- 
11 
9304432 4 
9016914 12 
937833 13 
I I I I I I I I I I I I I I 
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 
Genetic distance 
1 7 3  
AP 
0 
0 
0 
0 
0 
R 
0 
A 
0 
R 
A 
0 
m 
A 
W 
A 
m 
Figure 1 
the average-linkage method of clustering from matrix of coefficients of painvise genetic distance (based on seven enzyme 
loci) €or 13 ETs. Strain number, antigenic phenotypes (APs), pulse types (PTs) and electrophoretic types (ETs) are indicated. 
Genetic relationships of electrophoretic types (ETs) of N meningitidir strains. The dendrogram was generated by 
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A 
k b M 1 2 3 4 5 6 7 8 9 1 0 M  
B 
kb M 1 2 3 4 5  M 
* % *  
533.5 
485.0 533.5 
485 0 
436.5 
388.0 
339.5 
291 .O 
242.5 
194.0 
145.5 
97.0 
48.4 
Figure 2 
into 16 different pulse types (PTs) by PFGE. (A) Lane 1, strain 912465 (PT At); lane 2, strain 889638 (PT E); lane 3, strain 
891529 (PT A4); lane 4, strain 9208301 (PT F); lane 5,  strain 9327251 (PT As); lane 6 ,  strain 913128 (PT A,); lane 7, strain 
9120240 (PT C); lane 8, strain 878736 (PT 11); lane 9, strain 913369 (PT 12); lane 10, strain 9315144 (PT 11). (B) Lane 1, 
strain 904775 (PT AS); lane 2, strain 911643 (PT A2); lane 3, strain 871760 (PT A3); lane 4, strain 903943 (PT A6); lane 5, 
strain 9016914 (PT B). Lanes M, standards (lambda concatemer). Sizes (kb) of standard DNA molecules are indicated. 
The strain 9304432 (PT D) is not shown. 
PFGE separation of N. meningitidis genomic DNA. DNAs cleaved with the endonuclease NheI were separated 
Twenty-one out of 25 serogroup B strains (84%) 
were in the cluster bounded by ET 8 to ET 13. The 
remaining four group B isolates, with antigenic 
phenotypes B:2b:P1.10, B:l:P1.6, B:4:P1.14 and 
B:NT, were clearly unrelated to those group B strains. 
Pulsed-field gel electrophoresis 
Genomic DNA from N. meningitidis strains was digested 
with the rare-cutting enzyme, NkeI, described in the 
literature as the appropriate endonuclease for the G + C 
content of the genus Neisseriu (%G+C 47 to 52) to 
generate fragments of the right size for PFGE separa- 
tion [24]. Furthermore, this restriction endonuclease 
recognized a six-base-pair restriction site with the 
sequence CTAC, which is rare in most bacterial 
genomes [24] and showed greater pattern diversity than 
endonucleases SFiI and SpeI [15,18]. 
Analysis of clonal relationships among strains 
from PFGE data 
The NheI endonuclease gave an average of 10 frag- 
ments, with size ranging from 50 to 530 kb (Figure 2). 
Of 30 strains studied, 16 PTs were determined (Figure 
2). The assessment of the clonal relationships among the 
30 strains is visualized in the dendrogram in Figure 3. 
According to the interpretation described previ- 
ously, of the 25 serogroup B strains assayed, 80% 
(n=20) were considered either closely or possibly 
related, at  coefficients of similarity of 284% and 67% to 
80%, respectively (see Figures 3 and 4). Each of the 
remaining five group B strains, with antigenic 
phenotypes B:NT:P1.1,7, B:l:P1.6, B:2b:P1.10, B:NT 
and B:4:P1.14, had a single distinctive PT, PTs B, C, 
D, E and F, respectively, clearly unrelated to the rest of 
the PTs. 
Of the five serogroup C strains, the four C:2b:NT 
were closely related. The remaining C:2b:P1.2 strain 
was considered to be different to those group C strains. 
Relationships between PTs and ETs 
Both typing methods exhibited general agreement with 
respect to the relationships of isolates (Figures 1 and 3), 
but, in general, PFGE was more discriminative, 
particularly within 14 strains belonging to ET 8, which 
were divided into six PTs, PTs A1, A2, A4, As, A6 and 
Ag (Table 2; Figure 1). However, PT A1 and PT A4 
isolates were discriminated in three and two different 
ETs (ETs 8, 10 and 13, andETs 8 and 11, respectively). 
Strains belonging to ETs 1 and 9 retained this identity 
by PFGE analysis. 
DISCUSSION 
Accurate notification and typing of meningococci by 
epidemiologic markers are essential to predict the 
behavior of these microorganisms and to assess the 
inter- or intra-community patterns of the spread of 
MD [25]. They also provide information to develop 
and to introduce a surveillance and vaccine program. 
Between 1987 and 1993, there were 36 sporadic 
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the results of PFGE analysis. The dendrogram was generated by the UPGMA method of clustering from matrix of Dice 
similarity coefficients. The simdarity among the patterns is indicated below the dendrogram as a percentage. Strain number, 
antigenic phenotypes (APs), pulse types (PTs) and electrophoretic types (ETs) are also indicated. 
Dendrogram showing similarities between the NheI pulse types of the 30 N. mettifigitidis strains on the basis of 
176  C l in ica l  M i c r o b i o l o g y  and  In fec t ion ,  V o l u m e  2 N u m b e r  3 ,  D e c e m b e r  1996 
PTs 
DSC 
2884% 
67-80% 
Figure 4 
during 1987-93. The value of the Dice similarity coefficient (DSC) between 63% and 95% is depicted by three different 
tones in the matrix. 
Similarity matrix of the closely or possibly related pulse types (PTs) of serogroup B isolates from Cerdanyola 
cases of MD in Cerdanyola, Catalonia, Spain. The 
overall infection rate (cases/100,000 inhabitantdyear) 
ranged from 4.4 in 1992 to 24.4 in 1991. Peaks of 15.6 
and 24.4 were observed in 1990 and 1991, respectively, 
higher than expected from national data [7,8]. Eighty- 
eight per cent of these A? meningitidis strains (n=30), 
previously characterized by serologic typing methods, 
were analyzed to establish clonal subgroups by means 
of MEE and PFGE methods, which enabled us to 
measure their spread over this period. Furthermore, the 
present study was carried out to evaluate the validity of 
PFGE, versus serologic typing and MEE, as an alterna- 
tive epidemiologic marker to study meningococcal 
infection. 
Antigenic phenotypes in relation to genetic structure 
Serogroup B strains were found to be the leading cause 
of these sporadic cases of MD in Cerdanyola, followed 
by group C strains. The most common combination of 
antigenic phenotypes was B:4:P1.15 (46.6% of all 
isolates) and C:2b:NT (13.3% of all isolates). 
Strains of the same serogroup, serotype and subtype 
are not necessarily identical, or even genetically related. 
Among the 14 B:4:P1.15 isolates, five related ETs and 
six related PTs were identified and two B:4:P1.14 
strains were genetically distant. Conversely, strains of 
different antigenic phenotypes may be genetically 
identical or closely related. The ET 8 shared by 
B:4:P1.14, B: 15:P1.7,16, B:NT:Pl .1,7 and B:4:P1.15 
strains demonstrated that serologic characters may give 
unreliable data on the true population structure of 
meningococcal strains, because their genes evolve faster 
than the rest of the chromosome, as described 
previously [15,16,20]. 
Comparison of data obtained by both PFGE and ME€ analysis 
The cluster analysis of PFGE data showed that 20 of the 
serogroup B strains (80%), with a similarity index of 
267%, were closely or possibly related, showing PTs 
A1, A2, A3, A4, Ag, Ag, A, and As. Moreover, all but 
one of the serogroup C strains were genetically related 
and clearly distant from those group B strains. 
The analysis of multilocus genotypes characterized 
the overall isolates into 13 ETs, which were divided 
into two main branches. One of these branches, 
bounded by ETs linkaged at a GD of 0.237, comprised 
all those closely or possibly related group B strains 
established by PFGE. However, this branch also 
included one strain with a clearly unrelated PT (PT B). 
The other branch was more distant, represented by all 
serogroup C and four group B strains, quite distinct 
from the remaining serogroup B strains by PFGE. 
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Although a few discrepancies between the 
relationships established by PFGE and MEE analysis 
were found, there was a general agreement between the 
two methods. Moreover, PFGE shows additional 
discriminatory power on categorizing these 30 strains 
into 16 PTs, compared with 13 ETs given by MEE and 
on discriminating within the same ET; for example, ET 
8 was divided into six subtypes by PFGE. Nevertheless, 
MEE, for instance, distinguished three and two 
different but related ETs within PT A1 and PT Aq. 
Furthermore, the use of additional isoenzymes could 
improve the characterization of strains, particularly 
strains of ET 8. Discrepancies between PFGE and MEE 
data could be caused by genetic events which could 
affect the NheI restriction sites or the length of the 
sequences between the sites, but not the genes 
encoding the proteins used in MEE. 
The results obtained from the joint application of 
PFGE and MEE of the isolates demonstrated the 
diversity of clones, 19 in all, causing M D  in Cerdanyola 
during 1987-93. Fourteen of these clones were 
sporadic, represented once in the sample (46.6% of the 
total isolates). Each of the remaining five clones was 
recovered at different times over these years. Four of 
these five clones were serogroup B and the remaining 
one was serogroup C. The ETs and PTs of these four 
clones of serogroup B, consisting mainly of phenotype 
B:4:P1.15, showed that they were closely or possibly 
related. Thus, although almost 60% of group B isolates 
were of the B:4:P1.15 phenotype, no single strain can 
be considered the main causative agent of M D  
occurring in Cerdanyola between 1987 and 1993. 
MEE has been proved to be a valuable marker for 
N meningitidis epidemiologic research because it esti- 
mates the overall phylogenetic relationships of chromo- 
somal genomes and provides the basis for estimating 
levels of genetic diversity within populations [16]. 
However, MEE is labor-intensive and time-consuming. 
The present study shows that PFGE can be used to 
establish relationships between strains of N. meningitidis. 
Furthermore, four epidemiologically related meningo- 
coccal strains [26] isolated from a different area and, 
therefore, not included in the present collection, which 
had identical antigenic phenotypes, were studied by 
PFGE and were found to have the same PT (data not 
shown). These data prove that PFGE patterns have high 
enough stability to be used in the epidenliology of MD. 
Moreover, PFGE stability has been observed for a 
number of passages in vitro [27]. Clonal analysis with 
PFGE fingerprint data shows several advantages. 
Whole chromosomal DNA is cleaved into a few large 
fragments, which can be resolved into a simple 
restriction profile [15,17,18], characteristic of a 
particular strain. PFGE patterns are readdy identified 
and the fragment size may be compared, manually or 
by a computerized image system, with those obtained 
for other isolates to assess the clonal relationships 
between them. Once electric-field conditions have 
been effectively optimized, it is a relatively simple and 
rapid technique. However, PFGE is economically 
demanding and, also, it is necessary to standardize 
criteria for interpretation of interstrain PFGE banding 
pattern. 
In conclusion, PFGE has important epidemiologic 
applications and in particular, it is able to establish the 
clonal structure among N. meningitidis strains of 
endemic MD. A deeper analysis of the clonal 
characteristics is reached by combining the results 
obtained by both PFGE and MEE methods. O n  the 
other hand, in accordance with the evidence that N. 
meningitidis is heterogeneous with an epidemic struc- 
ture, appearing to be basically clonal [28], the results of 
this study show that the 30 unrelated meningococcal 
disease-associated strains isolated in Cerdanyola during 
the endemic period of 1987 to 1993 are genetically 
diverse, although a great number are clonally related. 
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